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(57) ABSTRACT 

A solar cell includes: a photoelectric conversion part having a 
concave and convex pro?le in a light receiving surface 
thereof; and a protective layer 10 Which is provided to cover 
the concave and convex pro?le, and Which includes particles 
therein. In a cross section, in parallel With an incident direc 
tion of light, of the protective layer 10, the number of the 
particles 11 contained in a second region is smaller than the 
number of particles 11 contained in a ?rst region. The ?rst 
region is centered at a concave portion of the concave and 
convex pro?le, and has a unit length, While the second region 
is centered at a convex portion of the concave and convex 
pro?le, and has the unit length. 

4 Claims, 4 Drawing Sheets 
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SOLAR CELL AND SOLAR CELL MODULE 

TECHNICAL FIELD 

The present invention relates to a solar cell and a solar cell 
module. 

BACKGROUND ART 

In recent years, there has been an increasing demand for a 
clean energy because global Warming has been predicted to 
occur due to the greenhouse effect caused by an increase of 
CO2. While a nuclear poWer generation does not discharge 
CO2, a method for processing the radioactive Waste has not 
been established yet. For this reason, there is a demand for a 
clean energy With a higher level of safety. Among such 
expected clean energies, a solar cell particularly has high 
expectations because of its cleanness, safeness, and manage 
ability. 
A general solar cell has a photoelectric conversion part 

formed of a multilayer structure including a pn junction or a 
pin junction, Which is formed by using: a crystalline semi 
conductor material, such as single-crystalline silicon and 
polycrystalline silicon; an amorphous semiconductor mate 
rial typi?ed by amorphous silicon; or a compound semicon 
ductor material, such as GaAs and CuInSe. The solar cell is 
con?gured so that an electron-hole pair is generated in the 
photoelectric conversion part by incidence of light, and is 
then taken out to the outside via a pair of electrodes. 

The solar cell is generally provided With a concave and 
convex pro?le, called a textured surface, on a light receiving 
surface of the photoelectric conversion part. Incident light 
beams are scattered by the concave and convex pro?le, so that 
the optical path length of each light beam incident in the 
photoelectric conversion part is increased. In this Way, the 
photoelectric conversion ef?ciency is improved. 

In addition, for the purpose of improving the photoelectric 
conversion ef?ciency and the Weather resistance, Japanese 
Patent Application Publication No. Hei 5-335610 describes a 
technique in Which a protective ?lm containing particles on a 
light receiving surface is formed. Japanese PatentApplication 
Publication No. Hei 5-335610 achieves an increase in photo 
electric conversion ef?ciency by scattering light beans inci 
dent on the solar cell by using the particles in the protective 
?lm so as to increase the optical path length of each light 
beam in the photoelectric conversion part. 

HoWever, even When the protective ?lm described in Japa 
nese PatentApplication Publication No. Hei 5-335610 is used 
in a solar cell provided With a textured surface in the light 
receiving surface, a su?icient photoelectric conversion e?i 
ciency has not been able to be obtained. 

In vieW of the above-described problems, an object of the 
present invention is to provide a solar cell and a solar cell 
module each capable of obtaining a su?icient photoelectric 
conversion ef?ciency. 

DISCLOSURE OF THE INVENTION 

To achieve the above object, a ?rst aspect of the present 
invention is a solar cell including: a photoelectric conversion 
part having a concave and convex pro?le in a light receiving 
surface thereof; and a protective layer Which is provided to 
cover the concave and convex pro?le, and Which includes 
particles therein. In addition, in the solar cell, in a cross 
section, in parallel With an incident direction of light, of the 
protective layer, the number of the particles contained in a 
second region is smaller than the number of the particles 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
contained in a ?rst region. Here, the second region is centered 
at a convex portion of the concave and convex pro?le, and has 
a unit length, While the ?rst region is centered at a concave 
portion of the concave and convex pro?le, and has the unit 
length. 

According to the solar cell of the ?rst aspect, it is possible 
to reduce the amount of light Which is scattered by the par 
ticles existing in a region corresponding to the convex por 
tion, and Which is thus emitted to the outside. Accordingly, 
the amount of light to be taken in the photoelectric conversion 
part can be increased. As a result, the photoelectric conver 
sion ef?ciency can be improved. 

In addition, in the solar cell according to the ?rst aspect, it 
is preferable that the layer thickness of the protective layer be 
formed thinner in the second region than in the ?rst region. 

According to this solar cell, it is possible to easily obtain 
the protective layer in Which the number of the particles is 
certainly smaller in the region corresponding to the convex 
portion of the concave and convex pro?le than in the region 
corresponding to the concave portion thereof. 

In addition, in the solar cell according to the ?rst aspect, it 
is preferable that the layer thickness of the protective layer 
formed in the ?rst region is formed to be smaller than the 
difference in height betWeen the convex portion and the con 
cave portion of the concave and convex pro?le. 

According to this solar cell, it is possible to further reduce 
the amount of light Which is scattered by the particles existing 
in the region corresponding to the convex portion, and Which 
is thus emitted to the outside. Accordingly, the amount of light 
to be taken in the photoelectric conversion part can be 
increased. As a result, the photoelectric conversion ef?ciency 
can be further improved. 
A second aspect of the present invention is a solar cell 

module including a solar cell, a light-receiving-surface-side 
translucent member, a back- surface- side member, and a resin 
layer. The solar cell includes: a photoelectric conversion part 
having a concave and convex pro?le in a light receiving 
surface thereof; and a protective layer Which is provided to 
cover the concave and convex pro?le, and Which includes 
particles therein. In the solar cell, in a cross section, in parallel 
With an incident direction of light, of the protective layer, the 
number of the particles contained in a second region is 
smaller than the number of the particles contained in a ?rst 
region. Here, the second region is centered at a convex portion 
of the concave and convex pro?le, and has a unit length, While 
the ?rst region is centered at a concave portion of the concave 
and convex pro?le, and has the unit length. The light-receiv 
ing-surface-side translucent member is disposed on a side 
from Which light is incident on the solar cell. The back 
surface-side member is disposed on an opposite side to the 
side from Which light is incident on the solar cell. The resin 
layer is disposed betWeen the light-receiving-surface-side 
translucent member and the back-surface-side member, and 
seals the solar cell. In the solar cell module, the refractive 
index of the protective layer is an intermediate value betWeen 
the refractive index of the resin layer and the refractive index 
of a material constituting the photoelectric conversion part. 

According to the solar cell module of the second aspect, it 
is possible to reduce, among incident light, the amount of 
light re?ecting off the interface betWeen the resin layer and 
the protective layer, and also the amount of light re?ecting off 
the interface betWeen the protective layer and the photoelec 
tric conversion part. As a result, light can be effectively uti 
liZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional vieW of a solar cell 
according to an embodiment of the present invention. 
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FIG. 2 is a schematic cross-sectional vieW of a light-receiv 
ing-surface-side protective layer in the solar cell according to 
the embodiment of the present invention. 

FIG. 3 is a schematic cross-sectional vieW for explaining in 
detail the structure of the light-receiving-surface-side protec 
tive layer shoWn in FIG. 2. 

FIG. 4 is a schematic cross-sectional vieW for explaining 
the effect of the present invention. 

FIG. 5 is a schematic cross-sectional vieW of a solar cell 
module according to the embodiment of the present inven 
tion. 

FIGS. 6A and 6B are schematic cross-sectional vieWs of a 
light-receiving-surface-side protective layer in a solar cell 
according to Experiment 1. 

FIG. 7 is a schematic cross-sectional vieW of the light 
receiving-surface-side protective layer in the solar cell 
according to Experiment 2. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

Next, embodiments of the present invention Will be 
described With reference to the draWings. In the folloWing 
descriptions of the draWings, the same or similar reference 
numerals and symbols are attached to the same or similar 
components. HoWever, it should be noted that the draWings 
are schematic, and that the dimensional proportions and the 
like are different from the real one. Accordingly, speci?c 
dimensions and the like should be determined in consider 
ation of the folloWing descriptions. In addition, it goes With 
out saying that some parts are different in dimensional rela 
tionship and proportions among the drawings. 

(Solar Cell) 
A solar cell according to the embodiment of the present 

invention Will be described With reference to FIG. 1, FIG. 2, 
and FIG. 3. 

FIG. 1 is a schematic cross-sectional vieW for explaining 
the structure of a solar cell 100 according to the embodiment 
of the present invention. A substrate 1 is an n-type single 
crystalline silicon substrate, and has a textured surface in a 
light receiving surface 1A thereof. An i-type amorphous sili 
con layer 2, a p-type amorphous silicon layer 3, and a light 
receiving-surface-side transparent electrode layer 4 are 
sequentially stacked on the light receiving surface 1A of the 
substrate 1. The i-type amorphous silicon layer 2 has a thick 
ness of approximately 10 nm, While the p-type amorphous 
silicon layer 3 also has a thickness of approximately 10 nm. 
The light-receiving-surface-side transparent electrode layer 4 
is made of ITO, and has a thickness of approximately 100 nm. 
Incident light is incident from the light-receiving-surface 
side transparent electrode layer 4 side. Since the substrate 1 
has the textured surface in the light receiving surface 1A 
thereof, each of the i-type amorphous silicon layer 2, the 
p-type amorphous silicon layer 3, and the light-receiving 
surface-side transparent electrode layer 4, Which are all 
stacked on the light receiving surface 1A, also has a concave 
and convex pro?le in the light receiving surface thereof. Here, 
the concave and convex pro?le re?ects the contour of the 
textured surface formed in the light receiving surface 1A of 
the substrate 1. Moreover, a light-receiving-surface-side elec 
trode 5 for collecting electricity is partially formed on the 
light receiving surface of the light-receiving-surface-side 
transparent electrode layer 4. The light-receiving-surface 
side electrode 5 is made of an electrically conductive paste, 
such as an Ag paste. 
A back surface 1B of the single-crystalline silicon sub 

strate 1 has a textured surface. An i-type amorphous silicon 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
layer 6, an n-type amorphous silicon layer 7, and a back 
surface-side transparent electrode layer 8 are sequentially 
stacked on the back surface 1B. The i-type amorphous silicon 
layer 6 has a thickness of approximately 10 nm, While the 
n-type amorphous silicon layer 7 also has a thickness of 
approximately 10 nm. The back-surface-side transparent 
electrode layer 8 is made of ITO, and has a thickness of 
approximately 100 nm. Moreover, a back-surface-side elec 
trode 9 for collecting electricity is partially formed on the 
surface of the back-surface-side transparent electrode layer 8. 
The back-surface-side electrode 9 is made of a conductive 
paste, such as an Ag paste. 

In the solar cell 100 according to this embodiment, a pho 
toelectric conversion part 101 is formed of a laminated body 
of the light-receiving-surface-side transparent electrode layer 
4, the p-type amorphous silicon layer 3, the i-type amorphous 
silicon layer 2, the n-type single-crystalline silicon substrate 
1, the i-type amorphous silicon layer 6, the n-type amorphous 
silicon layer 7, and the back-surface-side transparent elec 
trode layer 8. In addition, While corresponding to the light 
receiving surface of the photoelectric conversion part 101, the 
light receiving surface 4A of the light-receiving-surface-side 
transparent electrode layer 4 has a concave and convex pro 
?le. 
A light-receiving-surface-side protective layer 10 is pro 

vided on the light receiving surface 4A of the photoelectric 
conversion part 101 to cover the light receiving surface 4A 
including the surface of each light-receiving-surface-side 
electrode 5. The light-receiving-surface-side protective layer 
10 contains therein a large number of particles having a par 
ticle siZe of20 nm to 100 nm, and being made of ZnO, SiO2, 
ITO, MgO, TiO2, A1203, or the like. 

It should be noted that the structure of the photoelectric 
conversion part 101 in the solar cell of the present invention is 
not limited to that shoWn in FIG. 1. It is also possible to 
employ any of knoWn structures including: one made of a 
crystalline semiconductor, and having a pn junction therein, 
such as a single-crystalline silicon solar cell and a polycrys 
talline silicon solar cell; and one having a pin junction therein, 
and being made of a thin ?lm semiconductor, such as amor 
phous silicon and microcrystalline silicon. 

Next, the structure of the light-receiving-surface-side pro 
tective layer 10 in the solar cell according to the present 
embodiment Will be described in detail With reference to FIG. 
2. FIG. 2 is a schematic cross-sectional vieW enlargedly 
shoWing the cross-sectional structure, in a vicinity of the light 
receiving surface 4A, of the photoelectric conversion part 101 
in the solar cell 100 shoWn in FIG. 1. 
As shoWn in FIG. 2, the light receiving surface 4A of the 

photoelectric conversion part 101 has a concave and convex 
pro?le. The light-receiving-surface-side protective layer 10 is 
formed to cover the entire surface of the concave and convex 

pro?le. In addition, the light-receiving-surface-side protec 
tive layer 10 contains the multiple particles 11 therein. More 
over, as shoWn in FIG. 3, in a cross section, in parallel With an 
incident direction of light, of the light-receiving-surface-side 
protective layer 10, the number A2 of the particles contained 
in a second region is smaller than the number A1 of the 
particles contained in a ?rst region. Here, the ?rst region is 
centered at a concave portion of the concave and convex 
pro?le to have a unit length (L+L:2L), While the second 
region is centered at a convex portion of the concave and 
convex pro?le to have the unit length (L+L:2L). In addition, 
it is preferable that the ?lm thickness of the light-receiving 
surface-side protective layer 10 be formed thinner in the 
second region (B2) centered at the convex portion than in the 
?rst region (B1) centered at the concave portion (see FIG. 
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6A). Moreover, the ?lm thickness B1 of the light-receiving 
surface-side protective layer 10 formed in the ?rst region 
centered at the concave portion is preferably formed to be 
thinner than the difference B3 in height betWeen the convex 
portion and the concave portion of the concave and convex 
pro?le. 

Furthermore, the light-receiving-surface-side protective 
layer 10 may be formed in, instead of the one-layer structure, 
a tWo-layer structure of a ?rst protective layer 1011 and a 
second protective layer lob by using tWo kinds of coating 
materials containing particles With different viscosities, as 
shoWn in FIG. 7. In a similar manner, the light-receiving 
surface-side protective layer 10 may be formed in a structure 
consisting of three layers or more. 
As the material for the light-receiving-surface-side protec 

tive layer 10, a translucent organic material, such as acrylic 
resin, or a translucent inorganic material, such as SiO2 may be 
used. 

In addition, the particles employed here may be those hav 
ing a particle siZe of approximately 20 nm to 100 nm and 
being made of a translucent material, such as ZnO, SiO2, ITO, 
MgO, TiO2, and Al2O3. For the particles, any material match 
ing the material properties of the light-receiving-surface-side 
protective layer 10 may be chosen. Note that, When particles, 
such as ZnO or TiO2, having an effect of blocking ultraviolet 
rays are employed, the effect of blocking ultraviolet rays by 
the light-receiving-surface-side protective layer 10 can be 
obtained. Accordingly, the amount of ultraviolet irradiation to 
a photovoltaic element is suppressed, so that the Weather 
resistance is improved. 

(Operation and Effect of Solar Cell According to the 
Present Embodiment) 

Next, the operation and effect of the solar cell according to 
the present embodiment Will be described With reference to 
FIG. 4. 

FIG. 4 is a schematic cross-sectional vieW for explaining 
hoW incident light beams are scattered by the particles in the 
light-receiving-surface-side protective layer 10 Which 
includes the particles 11, and Which is provided to cover the 
concave and convex pro?le provided in the light receiving 
surface of the photoelectric conversion part 101. 
Among light beams incident on the light receiving surface 

of the photoelectric conversion part 101, light beams L1 
passing through a region corresponding to the convex portion 
101!) of the concave and convex pro?le are scattered, by the 
particle 11 in the light-receiving-surface-side protective layer 
10, in directions indicated by the arroWs S11, S12, S13, S14, 
S15, S16, S17, and S18. On the other hand, light beams L2 
passing through a region corresponding to the concave por 
tion 10111 of the concave and convex pro?le are scattered, by 
the particle 11 in the light-receiving-surface-side protective 
layer 10, in directions indicated by the arroWs S21, S22, S23, 
S24, S25, S26, S27, and S28. 
Among these scattered light beams, the light beams scat 

tered by the particle 11 in the region corresponding to the 
convex portion 101!) of the concave and convex pro?le act in 
the folloWing manner. The light beams scattered in the direc 
tions indicated by the arroWs S14 and S15 are incident on the 
region corresponding to the convex portion 101!) in the pho 
toelectric conversion part 101, and eventually contribute to 
electric poWer generation in this region. In addition, the light 
beams scattered in the directions indicated by the arroWs S13 
and S16 are incident on the region corresponding to the adja 
cent concave portion 10111 in the photoelectric conversion 
part 101, and eventually contribute to the electric poWer gen 
eration in this region. 
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6 
Meanwhile, the light beams scattered in the directions 

indicated by the arroWs S11, S12, S17, and S18 are not inci 
dent on the photoelectric conversion part 1 01, but re?ect off in 
directions to the side from Which the light beam is incident. 
As a result, these light beams do not contribute to the electric 
poWer generation. 
On the other hand, the light beams scattered by the particle 

11 in the region corresponding to the concave portion 10111 of 
the concave and convex pro?le act in the folloWing manner. 
The light beams scattered in the directions indicated by the 
arroWs S22, S23, S24, S25, S26, and S27 are incident on a 
region in the vicinity of the concave portion 10111 in the 
photoelectric conversion part 101, and eventually contribute 
to the electric poWer generation in this region. Meanwhile, the 
light beams scattered in the directions indicated by the arroWs 
S21 and S28 are not incident on the photoelectric conversion 
part 101, but re?ect off in directions to the side from Which the 
light beam is incident. As a result, these light beams do not 
contribute to the electric poWer generation. 

Here, as is clear from FIG. 4, the light beams incident on 
the region corresponding to the convex portion 101!) of the 
concave and convex pro?le are more likely to be scattered by 
the particle 11, discharged in the directions to the side from 
Which the light beam is incident, and thus not incident on the 
photoelectric conversion part, than the light beams incident 
on the region corresponding to the concave portion 10111 of 
the concave and convex pro?le. 

In the solar cell according to this embodiment, the number 
of the particles 11 dispersed in the light-receiving-surface 
side protective layer 10 is smaller in the region corresponding 
to the convex portion 101!) of the concave and convex pro?le 
than in the region corresponding to the concave portion 101a 
thereof. Accordingly, it is possible to reduce the ratio at Which 
the light beams incident on the region corresponding to the 
convex portion 101!) are discharged in the directions to the 
side from Which the light beams are incident. In this Way, the 
amount of light to be absorbed in the photoelectric conversion 
part 101 can be increased. As a result, the photoelectric con 
version e?iciency can be improved. 

Note that, in FIG. 4, the descriptions have been given of the 
case Where the particles 11 are contained in the light-receiv 
ing-surface-side protective layer 10 in the region correspond 
ing to the convex portion 101!) of the concave and convex 
pro?le. HoWever, the present invention is not limited to this 
case. Suppose a case Where the particles 11 are not contained 
in the light-receiving-surface-side protective layer 10 in the 
region on the convex portion 10119. In this case, light beams 
incident on the region on the convex portion 101!) are not 
scattered by the particles 11, and are thus not discharged in the 
directions to the side from Which the light beam is incident. 
Accordingly, a higher effect can be achieved. 

Moreover, consider a case Where the light-receiving-sur 
face-side protective layer 10 has a large thickness in the 
region on the concave portion 10111 of the concave and convex 
pro?le, so that the positions of some of the particles 11 
become higher than the position of the apex of the convex 
portion 101!) of the concave and convex pro?le. In this case, 
the ratio at Which light beams re?ect off in the directions to the 
side from Which the light beams are incident is increased as in 
the case of the particles 11 contained in the light-receiving 
surface-side protective layer 10 in the region on the convex 
portion 1 01b. For this reason, it is preferable that the positions 
of the particles 11 in the region on the concave portion 10111 
of the concave and convex pro?le be set loWer than the posi 
tion of the apex of the convex portion 101!) of the concave and 
convex pro?le. In this respect, it is preferable that the ?lm 
thickness of the light-receiving-surface-side protective layer 
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10 containing the particles 11 in the region on the concave 
portion 10111 of the concave and convex pro?le be smaller 
than the difference in height betWeen the convex portion 1 01b 
and the concave portion 10111 of the concave and convex 
pro?le. 

The light-receiving-surface-side protective layer 10 
according to this embodiment may be formed in the folloWing 
manner for example. Firstly, the concave and convex pro?le is 
coated, by a spray method or a printing method, With a loW 
viscosity coating material having the particles 11 dispersed 
therein. Then, the coating material is left untouched for an 
appropriate period of time to be hardened. In this event, the 
coating material applied to the concave and convex pro?le 
?oWs thereon to pool on the concave portion 101a until being 
hardened. Hence, the light-receiving-surface-side protective 
layer 10 can be formed thinner on the convex portion 101!) 
than on the concave portion 101a. Accordingly, the light 
receiving-surface-side protective layer 10 can be formed so 
that the number of the particles 11 canbe smaller in the region 
on the convex portion 101!) than in the region on the concave 
portion 101a. 

Incidentally, When such loW-viscosity coating material is 
used, the thickness of the light-receiving-surface-side protec 
tive layer 10 may possibly become too thin in the region on 
the convex portion 101!) of the concave and convex pro?le, or 
the light-receiving-surface-side protective layer 10 may not 
be formed at all in the region on the convex portion 10119. This 
may result in a reduction in the Weather resistance. In order to 
prevent this problem, the light-receiving-surface-side protec 
tive layer 10 may be formed of a ?rst protective layer and a 
second protective layer. In this case, the ?rst protective layer 
is formed by using a loW-viscosity coating material contain 
ing the particles 11, While the second protective layer is 
formed by using a high-viscosity coating material. Forming 
the second protective layer by using a high-viscosity coating 
material in this Way makes it possible to form the light 
receiving-surface-side protective layer 10 having a su?icient 
thickness even in the region on the convex portion 101!) of the 
concave and convex pro?le. As a result, the solar cell having 
a favorable Weather resistance can be provided. 

Note that, the particles may be dispersed, or may not exist, 
in the second protective layer. In the case of dispersing the 
particles, the density of the particles is preferably loWer than 
that of the particles in the ?rst protective layer. Moreover, in 
this case, the thicknesses respectively of the ?rst and second 
protective layers are preferably adjusted so that the height of 
the light-receiving-surface-side protective layer 10 in the 
region on the concave portion 10111 of the concave and convex 
pro?le Will be smaller than the height betWeen the convex 
portion 101!) and the concave portion 10111 of the concave and 
convex pro?le. 

(Solar Cell Module) 
Next, a solar cell module using the solar cell according to 

the present invention Will be described With reference to a 
cross-sectional vieW shoWn in FIG. 5. 
As shoWn in FIG. 5, a solar cell module 200 includes: the 

solar cells 100 described above; a light-receiving-surface 
side translucent member 21 disposed on the side from Which 
light beams are incident on the solar cells 100; a back-surface 
side member 23 disposed on the opposite side to the side from 
Which light beams are incident on the solar cells 100; and a 
resin 22 Which is disposed betWeen the light-receiving-sur 
face-side translucent member 21 and the back-surface-side 
member 23, and Which seals the solar cells 100. Each of the 
solar cells 100 includes: the photoelectric conversion part 101 
having the concave and convex pro?le in the light receiving 
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8 
surface thereof; and the light-receiving-surface-side protec 
tive layer 10 provided to cover the concave and convex pro 
?le. 
The light-receiving-surface-side translucent member 21 is 

made of, for example, a translucent material, such as glass and 
plastic. The back-surface-side member 23 is made of, for 
example, a member such as a metal, plastic, a resin ?lm, and 
glass. The multiple solar cells 100 are electrically connected 
to one another in series or in parallel by using an unillustrated 
Wiring member, and are sealed by the translucent sealing resin 
layer 22 for sealing, betWeen the light-receiving-surface-side 
translucent member 21 and the back- surface- side member 23. 

Accordingly, light beams are incident on the solar cells 100 
through the light-receiving-surface-side translucent member 
21 and the resin layer 22. The refractive index of the light 
receiving-surface-side protective layer 10, Which is provided 
on the light receiving surface of each solar cell 100, is an 
intermediate value betWeen the refractive index of the resin 
layer 22 and the refractive index of the material constituting 
the photoelectric conversion part 101. 

For example, for the resin layer 22, the refractive index of 
glass-EVA is approximately 1.5. For the photoelectric con 
version part 101, the refractive indices of ITO, c-Si, and a-Si 
are approximately 2.0, 3.45, and 3.8, respectively. Accord 
ingly, it is preferable that the refractive index of the material 
constituting the light-receiving-surface-side protective layer 
10 be approximately 1.5 to 2.0, or 1.5 to 3.8. 

In addition, in a case Where the particles are added to the 
light-receiving- surface- side protective layer 1 0, the refractive 
index here is assumed to be an intermediate value betWeen the 
refractive indices respectively of the particles and the material 
of the light-receiving-surface-side protective layer 10. For 
example, When ZnO is used as the particles, since the refrac 
tive index of ZnO is approximately 2.0, the total refractive 
index of the light-receiving-surface-side protective layer 10 
With the particles being added thereto becomes a value closer 
to 2.0. On the other hand, if the difference in refractive index 
betWeen the resin layer 22 and the light-receiving-surface 
side protective layer 10 is large, a re?ection on the interface 
betWeen the resin layer 22 and the light-receiving-surface 
side protective layer 10 is increased. In this regard, consider 
ing that the difference in refractive index is to be set at least 
0.1 While the refractive index becomes close to 2.0 by the 
addition of ZnO, it is more preferable that the refractive index 
of the material constituting the light-receiving-surface-side 
protective layer 10 be 1.5 to 1.6. 

(Operation and Effect of Solar Cell Module According to 
the Present Embodiment) 

The solar cell module of the present embodiment is capable 
of reducing the amount of light re?ecting off the interface 
betWeen the resin layer 22 and the light-receiving-surface 
side protective layer 10, and also the amount of light re?ect 
ing off the interface betWeen the light-receiving-surface-side 
protective layer 10 and the photoelectric conversion part 101. 
As a result, light can be utiliZed more effectively. 

EXAMPLE 

Hereinafter, examples of the present invention Will be 
described. 

(Fabrication of Photoelectric Conversion Part) 
Firstly, the photoelectric conversion part 101 shoWn in 

FIG. 1 Was fabricated in the folloWing manner. 
As the substrate 1, an n-type single-crystalline silicon sub 

strate having a speci?c resistance of approximately 1 Q-cm 
and a thickness of 300 um Was used. After the substrate 1 Was 
cleaned by a general method, the textured surface Was formed 
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in each of the light receiving surface 1A and the back surface 
1B of the substrate 1 by etching. 

Subsequently, by a general plasma CVD method, the i-type 
amorphous silicon layer 2 having a thickness of l 0 nm and the 
p-type amorphous silicon layer 3 having a thickness of 10 nm 
Were formed on the light receiving surface 1A of the substrate 
1, as Well as the i-type amorphous silicon layer 6 having a 
thickness of 10 nm and the n-type amorphous silicon layer 7 
having a thickness of 10 nm Were formed on the back surface 
1B thereof. 
The ?lm-forming conditions for the above amorphous sili 

con layers are shoWn in Table 1. In Table l, “i-type” indicates 
the i-type amorphous silicon layer 2 and the i-type amorphous 
silicon layer 6, “p-type” indicates the p-type amorphous sili 
con layer 3, and “n-type” indicates the n-type amorphous 
silicon layer 7. In addition, B2H6 and PH3 are diluted respec 
tively to 2% and 1% by using H2 gas. 
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so that the coating material having the ZnO particles substan 
tially uniformly dispersed therein Was obtained. 

In addition, the adjustment of the viscosity of the coating 
material Was performed by adjusting the addition amount of 
the diluent. Speci?cally, the viscosity of the coating material 
can be increased by decreasing the addition amount of the 
diluent, While the viscosity of the coating material can be 
decreased by increasing the addition amount of the diluent. 

Four types of coating materials obtained in the above 
described manner, and having different viscosities Were each 
used to form the light-receiving-surface-side protective layer 
10. In this Way, four types ofsolar cells (Samples 1 to 4) Were 
fabricated. Then, the photoelectric conversion ef?ciency Was 
measured for each of Samples 1 to 4. 

Table 2 shoWs the results of short circuit currents (Isc) 
obtained as the photoelectric conversion e?iciencies. Note 
that, in FIG. 2, the viscosity of each coating material is indi 

TABLEl 

GAS FLOW RATE SUBSTRATE PRESSURE OF POWER OF 

AMORPHOUS BZHG PII3 TEMPERATURE GAS-DISCHARGE DISCHARGE 
SILICON SiH4 (2%) (1%) II2 (00.) (Pa) (IHV/CIH2) 

p-TYPE 40 40 i 0~100 170 40 8.33 

n-TYPE 40 i 40 0~100 170 40 8.33 

i-TYPE 40 i i 0~100 170 40 8.33 

Next, the back-surface-side transparent electrode layer 8 
and the light-receiving-surface-side transparent electrode 
layer 4, each having a thickness of 100 nm and being made of 
ITO, Were formed, by a sputtering method, respectively on 
the n-type amorphous silicon layer 7 and the p-type amor 
phous silicon layer 3, Which are formed respectively on the 
principal surfaces of the n-type single-crystalline silicon sub 
strate 1. 
The photoelectric conversion part 101 fabricated in the 

above-described manner Was formed of a laminated body of 

the light-receiving-surface-side transparent electrode layer 4, 
the p-type amorphous silicon layer 3, the i-type amorphous 
silicon layer 2, the n-type single-crystalline silicon substrate 
1, the i-type amorphous silicon layer 6, the n-type amorphous 
silicon layer 7, and the back-surface-side transparent elec 
trode layer 8. Then, the back-surface-side electrode 9 and the 
light-receiving-surface-side electrode 5 each having a comb 
shape Were formed, by a screen printing method, in predeter 
mined regions respectively on the back surface and on the 
light receiving surface of the photoelectric conversion part 
101. 

(Fabrication of Protective Layer) 
(Experiment 1) 
Subsequently, the light-receiving-surface-side protective 

layers 10 Were formed by applying coating materials, by a 
printing method, on the light-receiving-surface- side transpar 
ent electrode layer 4 and the light-receiving-surface-side 
electrode 5, both of Which are formed on the light receiving 
surface of the n-type single-crystalline silicon substrate 1 of 
the photoelectric conversionpart 101. Here, the coating mate 
rials contain particles of a ZnO ?ller but have different vis 
cosities. 
When the light-receiving-surface-side protective layer 10 

Was formed, each of the coating materials Was obtained in the 
folloWing manner. ZnO having a particle siZe of approxi 
mately 20 nm Was used as the particles, While acrylic resin 
Was used as the coating material. The ZnO particles and a 
diluent Were mixed With the coating material, and then stirred, 
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cated by a value standardized by taking the smallest value as 
1. In addition, the amount of each applied coating material is 
indicated by a value obtained by standardiZing the amount of 
the coating material added to each Sample by taking the 
amount for Sample 1 as 1. Moreover, each Isc value is indi 
cated by a value standardized by taking, as l, the value of the 
solar cell having the light-receiving-surface-side protective 
layer 10 formed using the coating material having the highest 
viscosity. 

TABLE 2 

AMOUNT OF 
VISCOSITY COARTING Isc 

SAMPLE 1 1 (STANDARD 1 (STANDARD 1 00s 
VALUE) VALUE) 

SAMPLE 2 1.8 1 1.005 
SAMPLE 3 3.2 1 1.001 
SAMPLE 4 4.6 1 1.000 (STANDARD 

VALUE) 

Sample 1 has the loWest viscosity. For this reason, as shoWn 
in FIG. 6A, the thickness of the protective layer in a region 
corresponding to a concave portion is signi?cantly larger than 
the thickness of the protective layer in a region corresponding 
to a convex portion. On the other hand, Sample 4 has the 
highest viscosity. For this reason, as shoWn in FIG. 6B, the 
thickness of the protective layer in a region corresponding to 
a concave portion is not so different from the thickness of the 
protective layer in a region corresponding to a convex portion. 
As can be seen from Table 2, a higher Isc can be obtained 

by forming the light-receiving-surface-side protective layer 
10 by using a coating material having a loWer viscosity. 
The distribution of the particles in the light-receiving-sur 

face-side protective layer 10 formed on the concave and con 
vex pro?le of each of Samples 1 to 4 Was observed by using a 
transmission electron microscope (TEM) With a magni?ca 
tion of><30000. Table 3 shoWs the result of the number and the 
number density of the particle contained in a vicinity of the 
concave portion of each of Samples 1 to 4. 
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TABLE 3 

THE NUMBER OF THE NUMBER DENSITY 
THE PARTICLES OF THE PARTICLES 

SAMPLE 1 170 1.24 
SAMPLE 4 0.998 0.999 
SAMPLE 5 171 170 

The de?nitions of the number and the number density of 
the particles Will be described referring to FIG. 3, Which 
schematically shows the structure assumed from factors 
including the result of the observation using TEM. 

The unit length 2L centered at each of the concave portion 
and the convex portion shoWn in FIG. 3 Was speci?cally set, 
in Table 3, to be a Width of 2.4 pm in total, by providing a 
Width of approximately 1.2 pm for each of both sides of the 
corresponding one of the concave portion and the convex 
portion. Then, the number of the particles contained in the 
protective layer in this range Was counted as the number of the 
particles. Moreover, the number density Was de?ned as a 
value obtained by dividing the number of the particles by the 
area (of the shaded portion) of the protective layer included in 
this range. Values obtained in the above-described manner 
Were standardized by taking the value of the convex portion as 
1, and the resultant values of the standardization are shoWn in 
Table 3. 

Note that, taking into consideration that the length betWeen 
the convex and concave portions adjacent to each other Was 
approximately 12 pm, the value 1.2 pm used in Table 3 Was 
de?ned as a tenth of that length. The value is not limited to 1.2 
pm. It is possible to use any value appropriate to shoW the 
region in a vicinity of each of the concave and convex por 
tions. 
As shoWn in Table 3, in the solar cell of Sample 4 having the 

light-receiving-surface-side protective layer 10 formed by 
using the coating material With a large viscosity, the light 
receiving-surface-side protective layer 10 Was formed to have 
a substantially uniform ?lm thickness over the concave and 
convex pro?le provided in the light receiving surface of the 
photoelectric conversion part. The particles thereof Were also 
substantially uniformly dispersed in the light-receiving-sur 
face-side protective layer 10. In other Words, the number and 
the number density of particles in the light-receiving-surface 
side protective layer 10 in the region on the convex portion of 
the concave and convex pro?le Were approximately the same 
as those in the light-receiving-surface-side protective layer 1 0 
in the region on the concave portion. 
On the other hand, in the solar cell of Sample 1 having the 

light-receiving-surface-side protective layer 10 formed by 
using the coating material With a small viscosity, the light 
receiving-surface-side protective layer 10 Was formed to have 
a ?lm thickness thinner in the region on the convex portion of 
the concave and convex pro?le than in the region on the 
concave portion thereof. In other Words, the number of the 
particles in the light-receiving-surface-side protective layer 
10 in the region on the convex portion of the concave and 
convex pro?le Was smaller than that in the light-receiving 
surface-side protective layer 10 in the region on the concave 
portion thereof. 

In addition, since the protective layer hardly including 
particles Was formed in a vicinity of the convex portion, the 
number density Was also larger in the concave portion. It 
should be noted that, in Samples 2 and 3, the number of the 
particles Was larger in the concave portion due to the differ 
ence in ?lm thickness, but the number density Was substan 
tially the same betWeen the concave portion and the convex 
portion. 
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12 
Moreover, in any of Samples 1 to 4, the ?lm thickness of the 

light-receiving- surface- side protective layer 1 0 formed on the 
concave portion of the concave and convex pro?le Was 
smaller than the difference in height betWeen the convex 
portion and the concave portion of the concave and convex 
pro?le. 
The above-described results give the folloWing conclusion. 

When the number of the particles contained in the region 
centered at the convex portion to have the unit length is 
smaller than that in the region centered at the concave portion 
to have the unit length, it is possible to reduce, among incident 
light, the amount of light re?ecting off in directions to the side 
from Which the light is incident, and thus not contributing to 
electric poWer generation. Accordingly, the ef?ciency in 
using incident light can be improved. For this reason, the 
short-circuit current can be increased. 

(Experiment 2) 
Next, as shoWn in FIG. 7, a solar cell having a light 

receiving-surface-side protective layer 10 of a tWo-layer 
structure formed by using tWo types of coating materials With 
different viscosities Was fabricated as Sample 5. 

Firstly, as in the case of Sample 1, ZnO particles having a 
particle size of 20 nm Were mixed With acrylic resin in such a 
manner that the density of Zno in the mixture after dried is in 
a range from 67 Wt % to 83 Wt %. In addition, by using 
cyclohexanone as a diluent, the viscosity Was adjusted. Then, 
the coating material having a standardized viscosity of in 
Table 2 Was applied to the light receiving surface of the 
photoelectric conversion part, and thereafter Was hardened, 
so that the ?rst protective layer 1011 Was formed. Subse 
quently, a coating material containing no ZnO particle, and 
having a standardized viscosity of 4.6 in Table 2 Was applied 
to the ?rst protective layer, and thereafter Was hardened, so 
that the second protective layer 10b Was formed. 

In this Way, the solar cell Was provided With the light 
receiving-surface-side protective layer 10 of a tWo-layer 
structure formed of the ?rst protective layer and the second 
protective layer. The photoelectric conversion e?iciency of 
the solar cell Was measured as a standardized value of 1.007, 
Which is approximately the same as that of Sample 1. In 
addition, as to the distribution of particles in the light-receiv 
ing-surface-side protective layer 10 formed on the concave 
and convex pro?le of Sample 5, Table 3 shoWs the number and 
the number density of particles contained in a vicinity of the 
concave portion, While the number and the number density 
are obtained by observation using the transmission electron 
microscope (TEM) With a magni?cation of X30000. 

Think about the case of the solar cell having the tWo-layer 
structure of the light-receiving-surface-side protective layers 
10a and 10b as described above. Even in this case, When the 
number of the particles contained in the region centered at the 
convex portion With the unit length is smaller than that in the 
region centered at the concave portion With the unit length, it 
is possible to reduce, among incident light, the amount of 
light re?ecting off in directions to the side from Which the 
light is incident, and thus not contributing to electric poWer 
generation. Accordingly, the e?iciency in using incident light 
can be improved. For this reason, the short-circuit current can 
be increased. 

In addition, in the solar cell of Sample 5, the second pro 
tective layer is formed by using the coating material With a 
high viscosity. Accordingly, the thickness of the light-receiv 
ing-surface-side protective layer 10 in the convex portion of 
the concave and convex pro?le can be made thicker than that 
of Sample 1. For this reason, a solar cell having an excellent 
Weather resistance can be provided. 
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As described above, according to the present invention, it is 
possible to provide a solar cell that effectively utilizes inci 
dent light, thus having an excellent photoelectric conversion 
e?iciency. 

(Experiment 3) 
Next, a solar cell having a light-receiving-surface-side pro 

tective layer 10 of a tWo-layer structure formed by using tWo 
types of coating materials With different viscosities Was fab 
ricated as Sample 6. The structure of Sample 6 Was the same 
as that of Sample 5. HoWever, in the Sample 6, after a ?rst 
protective layer Was applied, a second protective layer Was 
formed Without hardening the ?rst protective layer. Then, 
after the application of the second protective layer, these 
layers Were thermally hardened. The other conditions Were 
the same as those of Sample 5. 

In Sample 6, convection of the particles in the coating 
material occurred during the thermal hardening, so that there 
Was not much difference in density distribution in the depth 
direction betWeen the concave portion and the convex por 
tion. In other Words, the folloWing fact Was found. Speci? 
cally, in Sample 5 had the tWo-layer structure in Which the 
layer containing no particle is formed on the layer containing 
the particles in the high density. On the other hand, in Sample 
6, since the tWo types of materials Were continuously applied 
and then dried, no distribution of the particles Was observed in 
the depth direction. Accordingly, the layer containing the 
particles in the high density Was formed in the concave por 
tion, While the layer containing the particles in the loW density 
Was formed in the convex portion. 

In each of Samples 2 to 4, the concave region and the 
convex region of the concave and convex structure Were 
caused to have a difference in ?lm thickness, although the 
number density Was made substantially the same in betWeen 
by controlling the viscosities. In this Way, the number of the 
particles on each of the tWo regions Was controlled. On the 
other hand, in Sample 6, the density of particles in the pro 
tective layer in each of the concave portion and the convex 
portion Was controlled While the ?lm thickness Was made the 
same in betWeen. In this Way, the structure in Which the 
number of the particles is large on the concave portion but 
small on the convex portion Was achieved. 

In addition, Sample 6 is advantageous in that the process of 
hardening the ?rst protective layer is unnecessary as com 
pared With Sample 5. Moreover, Sample 6 also has an advan 
tage in that, because a clear interface does not exist betWeen 
the ?rst protective layer and the second protective layer, 
re?ection of light and concentration of stress are unlikely to 
occur at the interface. 

In addition, the photoelectric conversion characteristic of 
the solar cell according to Sample 6 Was measured as a stan 
dardized value of 1.008, Which is approximately the same Isc 
as that of Sample 1. In other Words, it is found that the high 
density of particles on the concave portion and the loW density 
of particles on the convex portion improve Isc. 

The present invention has been described so far on the basis 
of the embodiments. HoWever, the embodiments are mere 
illustrations, and it is to be understood by those skilled in the 
art that various modi?cations may be made on combinations 
of the constituent elements and processes of these embodi 
ments, and such modi?cations are also included in the scope 
of the present invention. 

FIELD OF THE INDUSTRIAL APPLICATION 

As described above, the solar cell and the solar cell module 
according to the present invention effectively utilize light 
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14 
beams to be absorbed in the photoelectric conversion part by 
scattering incident light beams, and therefore can be favor 
ably employed as a solar cell and a solar cell module With 
improved output characteristics. 

The invention claimed is: 
1. A solar cell characterized by comprising: 
a photoelectric conversion part (101) having a concave and 

convex pro?le in a light receiving surface thereof; and 
a protective layer (10) Which is provided to cover the con 

cave and convex pro?le, and Which includes particles 
therein, and Which has a concave and convex pro?le in 
both surfaces thereof, 

the solar cell characterized in that 
in a cross section, in parallel With an incident direction of 

light, of the protective layer (10), the number of the 
particles (11) contained in a second region is smaller 
than the number of the particles (11) contained in a ?rst 
region, the second region being centered at a convex 
portion of the concave and convex pro?le, and having a 
unit length, the ?rst region being centered at a concave 
portion of the concave and convex pro?le, and having 
the unit length. 

2. The solar cell according to claim 1, characterized in that 
the layer thickness of the protective layer (10) is formed 
thinner in the second region than in the ?rst region. 

3. The solar cell according to any one of claims 1 and 2, 
characterized in that the layer thickness of the protective layer 
(10) formed in the ?rst region is formed to be smaller than the 
difference in height betWeen the convex portion and the con 
cave portion of the concave and convex pro?le. 

4. A solar cell module characterized by comprising: 
a solar cell (100) including: a photoelectric conversion part 

(101) having a concave and convex pro?le in a light 
receiving surface thereof; and a protective layer (10) 
Which is provided to cover the concave and convex pro 
?le, and Which includes particles therein, and Which has 
a concave and convex pro?le in both surfaces thereof, in 
Which solar cell, in a cross section, in parallel With an 
incident direction of light, of the protective layer (10), 
the number of the particles (11) contained in a second 
region is smaller than the number of the particles (11) 
contained in a ?rst region, the second region being cen 
tered at a convex portion of the concave and convex 
pro?le, and having a unit length, the ?rst region being 
centered at a concave portion of the concave and convex 
pro?le, and having the unit length; 

a light-receiving-surface-side translucent member (21) 
disposed on a side from Which light is incident on the 
solar cell; 

a back-surface-side member (23) disposed on an opposite 
side to the side from Which light is incident on the solar 
cell; and 

a resin layer (22) Which is disposed betWeen the light 
receiving-surface-side translucent member and the 
back-surface-side member, and Which seals the solar 
cell, 

the solar cell module characterized in that 
the refractive index of the protective layer (10) is an inter 

mediate value betWeen the refractive index of the resin 
layer (22) and the refractive index of a material consti 
tuting the photoelectric conversion part (101). 


